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&ORVHGORRS VXSSO\ FKDLQV RI SURGXFWV FDQ PLWLJDWH
HQYLURQPHQWDO SUREOHPV VXFK DV QDWXUDOUHVRXUFH GHSOHWLRQ
XVHGSURGXFW GLVSRVDO DQG &2 HPLVVLRQV 6XFK PLWLJDWLRQ
ZKLFKLVHVVHQWLDOIRUDVXVWDLQDEOHVRFLHW\>@FDQEHDFKLHYHG
E\SURPRWLQJ WKH WKUHH5V²UHGXFH UHXVHDQG UHF\FOH²DQG
GHYHORSLQJHQYLURQPHQWDOO\FRQVFLRXVGHVLJQPHWKRGVVXFKDV
SURGXFWXSJUDGHDELOLW\ >@8SJUDGHDEOHSURGXFWGHVLJQDLPV
WR UHFWLI\ WKH GHWHULRUDWHG SURGXFW YDOXH E\ H[FKDQJLQJ RU
DGGLQJRQO\WKRVHFRPSRQHQWVUHVSRQVLEOHIRUWKHGHWHULRUDWLRQ






XSRI FDQGLGDWH XSJUDGDEOH FRPSRQHQWV IRU HDFKJHQHUDWLRQ
)XNXVKLJHHWDO>@GHYHORSHGDSURWRW\SHV\VWHPIRUSURGXFW
XSJUDGDELOLW\EDVHGRQ'&$'7KHVHPHWKRGVIRFXVRQWKH
SK\VLFDO SURGXFW SHUIRUPDQFH EXW GR QRW TXDQWLWDWLYHO\
FRQVLGHU WKH SURGXFWLRQ FRVW DQG HQYLURQPHQWDO ORDG &2
VDYLQJV 3UHYLRXVO\ ZH SURSRVHG DQ XSJUDGDEOH SURGXFW
GHVLJQ PHWKRG WKDW LPSURYHV SURGXFW SHUIRUPDQFH ZKLOH
PLWLJDWLQJ &2 HPLVVLRQV UHGXFLQJ WKH SURGXFWLRQ FRVW
LQFUHDVLQJWKHSURGXFWYDOXHDQGH[WHQGLQJWKHYDOXHOLIHVSDQ
,QWKLVPHWKRGFRPSRQHQWVFORVHO\UHODWHGWRWKHGHYDOXDWLRQ
ZHUH H[FKDQJHG IURP WKH YLHZSRLQW RI FXVWRPHUV > @
'HVSLWH WKHVH DGYDQFHV IHZ XSJUDGHDEOH SURGXFWV DUH
GHYHORSHG DW SUHVHQW EHFDXVH WKH\ DUH FRQVLGHUHG QRQ
SURILWDEOH E\ PDQXIDFWXUHUV >@ 7KHUHIRUH LQ RXU SURSRVHG
PHWKRGIRUXSJUDGHDEOHSURGXFWGHVLJQZHDOVRFRQVLGHUWKH




DSSOLFDELOLW\ DQG IXWXUH FKDOOHQJHV RI RXU SURSRVDO DUH
GLVFXVVHG
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8SJUDGHDEOHSURGXFWGHVLJQPHWKRG
2.1. Overview 
8SJUDGHDEOH SURGXFW GHVLJQ SUHGLFWV WKH UHTXLUHG IXWXUH
IXQFWLRQV DQG GHVLJQV WKH SURGXFW IRU FRPSDWLELOLW\ ZLWK WKH
DQWLFLSDWHG IXWXUH XSJUDGHV %HFDXVH IXWXUH UHTXLUHPHQW




UDQJH >@ 2XU SURSRVHG PHWKRG DOVR SUHGLFWV D UDQJH RI
SHUIRUPDQFHVDQGREWDLQVDVXLWDEOHUDQJHRIGHVLJQYDULDEOHV
E\ D VHWEDVHG GHVLJQ PHWKRG >@ 7KH PHWKRG RXWSXWV WKH
UDQJHG VHWV RI GHVLJQ VROXWLRQV WKDW RSWLPDOO\ VDWLVI\ WKH
PXOWLREMHFWLYH UHTXLUHPHQWV >@7KH UDQJHGYDOXHV DUH WKH
XQFHUWDLQSURGXFWLRQDQGSURFXUHPHQWFRVWVRIIXWXUHXSJUDGHV
7KHSURFHGXUHRIWKHSURSRVHGPHWKRGLVGHVFULEHGEHORZ
2.2. Procedure of the proposed method 
)LJXUH  LV D FDXVHDQGHIIHFW GLDJUDP RI WKH SURSRVHG
PHWKRGRORJ\ 7KLV VXEVHFWLRQ GHVFULEHV HDFK SURFHVV RI WKH
SURSRVHGPHWKRGDQGLWVVLJQLILFDQWFDXVHV
 'HFLVLRQRIWDUJHWSURGXFW
7KH WDUJHW SURGXFW¶V GHFLVLRQ GHSHQGV RQ WKH DSSOLFDWLRQ
REMHFWLYHVRIWKHXSJUDGHDEOHSURGXFWGHVLJQPHWKRG:KHQWKH
REMHFWLYH LV WR LPSURYH RU H[WHQG WKH IXQFWLRQ WKH WDUJHW
SURGXFWV VKRXOG LQFOXGH GUDPDWLF DGYDQFHV LQ WHFKQLFDO
LQQRYDWLRQV:KHQWKHREMHFWLYHLVWRLPSURYHWKHIRUWXQHVRID
VWUXJJOLQJEXVLQHVVRU WRJURZFRUSRUDWH HDUQLQJV WKH WDUJHW
SURGXFWV DUH WKH SURGXFWV RI XQGHUSHUIRUPLQJ EXVLQHVVHV
:KHQ WKH REMHFWLYH LV WR UHGXFH WKH HQYLURQPHQWDO ORDG WKH
WDUJHWSURGXFWGHPDQGVDORZUHF\FOLQJRUUHXVHUDWH:KHQWKH




SURGXFW UHSODFHPHQW WLPH ,QGLYLGXDO XVHUV ZLOO UHSODFH D







7KH XSJUDGH IXQFWLRQ LV LPSURYHG DW WKH XSJUDGH WLPH
:KHQ WKH XSJUDGH REMHFWLYH LV WR LPSURYH WKH IXQFWLRQ WKH
GHVLJQHU LQYHVWLJDWHVGLYHUVH FXVWRPHUQHHGV DQG FRQILJXUHV
XSJUDGHDEOH IXQFWLRQV WR VDWLVI\ WKRVH QHHGV 7KH GHVLJQHU
SULRULWL]HV WKHVH QHHGV E\ WKH DQDO\WLFDO KLHUDUFK\ SURFHVV
$+3>@RUFRQMRLQWDQDO\VLV>@
$OWHUQDWLYHO\ WKH XSJUDGHDEOH IXQFWLRQPLJKW EHGHFLGHG
E\VRFLDOUHTXLUHPHQWV)RUH[DPSOHZKHQWKHIXQFWLRQRID
ILUVWJHQHUDWLRQSURGXFWYLRODWHVDUHYLVHGODZRUVWDQGDUGWKH
IXQFWLRQRI WKH VHFRQGJHQHUDWLRQSURGXFW FDQEH UHYLVHGRU
GHOHWHGWRFRPSO\ZLWKWKHQHZODZ
 'HILQLWLRQRIXSJUDGHDEOHFRPSRQHQW
8SJUDGHDEOH FRPSRQHQWV DUH H[FKDQJHG RU DGGHG WR
LPSURYH WKH XSJUDGHDEOH IXQFWLRQ DW WKH XSJUDGH WLPH
7KHUHIRUHXSJUDGHDEOHFRPSRQHQWVDQGIXQFWLRQVDUHFORVHO\
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:KHQ WKH XSJUDGH REMHFWLYH LV WR LPSURYH SURGXFW
UHOLDELOLW\WKHXSJUDGHDEOHFRPSRQHQWLVWKHFRPSRQHQWZLWK
DVKRUWGXUDEOHOLIH
7KH XSJUDGHDEOH FRPSRQHQWV LQFOXGH ERWK KDUGZDUH DQG
VRIWZDUH ,PSRUWDQW GHVLJQ FRQVLGHUDWLRQV RI XSJUDGHDEOH
KDUGZDUH FRPSRQHQWV DUH WKH JHRPHWULF UHVWUDLQW FRQGLWLRQV
DPRQJ WKH FRPSRQHQWV WKH SURGXFWV¶ DVVHPEODELOLW\ DQG
GLVDVVHPEODELOLW\ 7KH H[FKDQJHPHWKRG RI WKH XSJUDGHDEOH
FRPSRQHQWLHZKHWKHUFXVWRPHUVWKHPVHOYHVFDQH[FKDQJH
WKH FRPSRQHQW RU ZKHWKHU WKH PDQXIDFWXUHU FROOHFWV WKH
SURGXFWVH[FKDQJHVWKHXSJUDGHDEOHFRPSRQHQWWKHQGHOLYHUV
WKH XSJUDGHG VHFRQG RU KLJKHUJHQHUDWLRQ SURGXFW WR WKH
FXVWRPHUVVKRXOGDOVREHFRQVLGHUHG2QWKHRWKHUKDQGZKHQ
GHVLJQLQJ XSJUDGHDEOH VRIWZDUH FRPSRQHQWV WKH GHVLJQHU






FRPSXWHU WKH KHDW UHMHFWLRQ WHPSHUDWXUH PD\ LQFUHDVH 7R
GHWHUPLQH WKH DGYHUVH HIIHFWV WKH GHVLJQHU UHODWHV WKH LQSXW
DQGRXWSXWRIWKHXSJUDGHDEOHFRPSRQHQWDVVKRZQLQ)LJ






7KH XSJUDGH DVVLVW FRPSRQHQW GHQRWHV WKH SURGXFW
FRPSRQHQW WKDW GHFUHDVHV RU QHJDWHV WKH DGYHUVH HIIHFW
LQFOXGLQJ LWVRYHUVSHFLILFDWLRQV)RU H[DPSOH WKH LQFUHDVHG
KHDW UHVLVWDQFH WHPSHUDWXUH LQ D ODSWRS FRPSXWHU FDQ EH
DOOHYLDWHGE\LQVWDOOLQJDODUJHUKHDWVLQNVHH)LJ7KHODUJHU
KHDWVLQNLVGHILQHGDVDQXSJUDGHDVVLVWFRPSRQHQW%HFDXVH





JHQHUDWLRQ RI WKH SURGXFW DQG WKH IXWXUH SHUIRUPDQFH
UHTXLUHPHQWVPXVWEHSUHGLFWHGDIWHUWKHVHFRQGJHQHUDWLRQ7R
DFFRPPRGDWHWKHLQKHUHQWXQFHUWDLQW\LQIXWXUHSUHGLFWLRQWKH
UHTXLUHG SHUIRUPDQFH DQG GHVLJQ YDULDEOHV DUH GHILQHG DV
UDQJHV ,Q WKHSURSRVHGPHWKRG WKH UDQJHGGHVLJQVROXWLRQV
DUHREWDLQHGE\DVHWEDVHGGHVLJQPHWKRG>@7KHUDQJHVRI
WKHHVWLPDWHGSHUIRUPDQFHDQGGHVLJQYDULDEOHVDUHEDVHGRQ





3.1. Design problem 
7KLVVHFWLRQDSSOLHVWKHSURSRVHGPHWKRGWRWKHGHVLJQRID
ODSWRSFRPSXWHU7KHGHVLJQFRQGLWLRQVRIWKLVDSSOLFDWLRQDUH
VXPPDUL]HG LQ 7DEOH  2Q WKH EDVLV RI FXVWRPHUV¶
UHTXLUHPHQWVRIWKHODSWRSFRPSXWHUWKHXSJUDGHDEOHIXQFWLRQV





DVVLVW FRPSRQHQW LV WKH KHDWVLQN ZKLFK FRXQWHUDFWV WKH
LQFUHDVHG KHDW UHMHFWLRQ WHPSHUDWXUH RI WKH XSJUDGHDEOH
FRPSRQHQWLHWKH&387KHKHDWVLQNDGGHGWRWKHODSWRS
FRPSXWHULQWKHILUVWJHQHUDWLRQLVRYHUVSHFLILHGWRGLIIXVHWKH
SRWHQWLDOO\ LQFUHDVHG KHDW UHMHFWLRQ WHPSHUDWXUH IURP WKH
XSJUDGHG&38 7KHUHIRUH WKH KHDW VLQN FDQ EH XVHG LQ DQ\
JHQHUDWLRQ7KHSURGXFWLRQFRVWDQGHQYLURQPHQWDOORDGRIWKH
XSJUDGHDEOH FRPSRQHQW DUH DVVXPHG WR LQFUHDVH DIWHU WKH
VHFRQGJHQHUDWLRQ'HVSLWHWKHVHLQFUHDVHVWKHUDQJHGGHVLJQ
VROXWLRQ DFKLHYHV ORZHQYLURQPHQWDO ORDG DQGSURGXFWSULFH
DQG HQVXUHV KLJK SURILWDELOLW\ 7KLV VWXG\ DVVXPHV WKDW WKH





















VWDQGDUG SURGXFWV LQ WHUPV RI SURGXFW SULFH SURILW DQG
HQYLURQPHQWDO ORDG WKURXJKRXW WKH SURGXFW OLIHF\FOH 7KH
HYDOXDWLRQSHULRGLVHLJKW\HDUVIURPWKHGLVWULEXWLRQRIWKHILUVW
JHQHUDWLRQSURGXFW2QWKHEDVLVRIWKHOHJDOGXUDEOH\HDUVWKH
XVXDO SURGXFW ZLOO EH UHSODFHG DIWHU IRXU \HDUV RI ILUVW
GLVWULEXWLRQ&RQYHUVHO\LQWKHXSJUDGHDEOHSURGXFWGHVLJQWKH
XSJUDGH WLPH LV GHILQHG DV D GHVLJQ YDULDEOH DQG RYHU LWV
UDQJH LV PD[LPDOO\ FRPSDWLEOH ZLWK ORZ SULFH ORZ
HQYLURQPHQWDO ORDGDQGKLJKSURILWDELOLW\ >@7KHUHIRUH WKH
XSJUDGHDEOH FRPSRQHQW FDQ EH H[FKDQJHG PXOWLSOH WLPHV
0RUHRYHUEHFDXVHDIUDFWLRQRIODSWRSVZLOOQRWEHXSJUDGHG
ZHDVVXPHWKDW±RIFXVWRPHUVZLOOXSJUDGHWKHLURZQ
ODSWRS FRPSXWHU 7KH XQLW VDOHV LQ WKH ILUVW JHQHUDWLRQ DUH

)URPWKHDERYHFRQVLGHUDWLRQVWKLVDSSOLFDWLRQREWDLQVWKH




3.2. Evaluation of environmental load and cost 
,QWKLVDSSOLFDWLRQWKHHQYLURQPHQWDOORDGLVWKHDPRXQWRI
&2 HPLWWHG WKURXJKRXW WKH SURGXFW¶V OLIHF\FOH )LUVW ZH
GLVDVVHPEOHG D UHDO ODSWRS FRPSXWHU DQG LQYHVWLJDWHG LWV
FRPSRVLWLRQDOPDWHULDOVDQGZHLJKW7RFDOFXODWH&2HPLVVLRQ




DVVHPEO\ VWDJHV XVDJH WUDQVSRUWDWLRQ DQG GLVSRVDO VWDJHV
7KH &2 HPLVVLRQV DUH DVVXPHG QRW WR FKDQJH EHWZHHQ WKH
ILUVW DQG VHFRQGJHQHUDWLRQ XVXDO SURGXFWV &RQWUDULO\
EHFDXVHWKHIXWXUHLQIRUPDWLRQLVXQFHUWDLQWKH&2HPLVVLRQV
RI WKH XSJUDGHDEOH FRPSRQHQW DW WKH SURGXFWPDQXIDFWXULQJ
DQGWUDQVSRUWDWLRQVWDJHVDUHHVWLPDWHGDVUDQJHV
7KH SURGXFW SULFH LQ WKLV DSSOLFDWLRQ LQFOXGHV D
PDQXIDFWXUHU¶VSURILWRI)XUWKHUPRUHWKHSURGXFWSULFH
DQG SURILW DUH DVVXPHG LGHQWLFDO LQ WKH ILUVW DQG VHFRQG
JHQHUDWLRQ XVXDO SURGXFWV &RQYHUVHO\ LQ WKH XSJUDGHDEOH
SURGXFWWKHSURGXFWLRQFRVWRIWKHXSJUDGHDEOHFRPSRQHQWLV
HVWLPDWHG DV D UDQJH WR DFFRPPRGDWH WKH ULVLQJ FRVW RI UDZ
PDWHULDOVDQGH[FKDQJHUDWHLQVWDELOLW\
3.3. Results and discussion 




RI WKH XVXDO SURGXFW 0RUHRYHU WKH WRWDO SURILW RI WKH
XSJUDGHDEOHSURGXFWLVWRKLJKHU)LJDQGWKH
DPRXQWRI&2HPLVVLRQLVíWRíORZHU)LJ
WKDQ IRU WKH XVXDO SURGXFW &RQVHTXHQWO\ WKH XSJUDGHDEOH
SURGXFWFRQFXUUHQWO\HQKDQFHVWKHSURGXFWIXQFWLRQPRUHWKDQ











7KLV SDSHU GLVFXVVHG WKH VLJQLILFDQFH RI SURGXFW
XSJUDGDELOLW\ DQG SURSRVHG DQ XSJUDGHDEOH SURGXFW GHVLJQ
PHWKRG WKDW HQVXUHV IXWXUH SHUIRUPDQFH ZLWK ORZ SULFH DQG
HQYLURQPHQWDO ORDGLQJ ZKLOH SURILWLQJ WKH PDQXIDFWXUHU
WKURXJKRXWWKHRYHUDOOSURGXFWOLIHF\FOH7KHSURSRVHGPHWKRG
DOORZV IRU XQFHUWDLQ GHVLJQ LQIRUPDWLRQ VXFK DV IXWXUH
IXQFWLRQDOLWLHVDQGSHUIRUPDQFHDQG WKHSURFXUHPHQWFRVWRI
XSJUDGHDEOH FRPSRQHQWV 7R DFFRPPRGDWH WKLV XQFHUWDLQW\
WKH PHWKRG RXWSXWV UDQJHV RI YDOXHV $SSOLHG WR WKH GHVLJQ
SUREOHP RI D ODSWRS FRPSXWHU WKH SURSRVHG PHWKRG ZDV
YDOLGDWHG E\ FRPSDULQJ WKH VROXWLRQ UDQJHV RI WKH XSJUDGH
SURGXFWZLWKWKRVHRIWKHXVXDOSURGXFW,QWKLVHYDOXDWLRQZH
FRPSDUHG WKH SURGXFW SULFH WKH SURILW JDLQV DQG &2
HPLVVLRQV 8SJUDGHDEOH SURGXFW GHVLJQ LV LPSRUWDQW IRU
UHDOL]LQJDVXVWDLQDEOHVRFLHW\DQGFDQSRWHQWLDOO\LPSURYHDQ
XQGHUSHUIRUPLQJ RSHUDWLRQ RU D SURGXFW¶V HDUQLQJV IURP DQ
HFRQRPLFDOYLHZSRLQW
7KLV VWXG\ IRFXVHG RQ HQKDQFLQJ PDQXIDFWXUHUV¶
SURILWDELOLW\ ZLWKRXW FRQVLGHULQJ WKH SURILWV RI PDWHULDO
SURGXFWLRQ FRPSDQLHV DQG SDUW VXSSOLHUV )XWXUH ZRUNV ZLOO
IRFXV RQ WKH UHOLDELOLW\ UREXVWQHVV DQG SURGXFWLRQ SODQV RI
XSJUDGHGSURGXFWV
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